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The goal of this study is to develop the professional noticing abilities of preservice elementary teachers in 
the context of the Stages of Early Arithmetic Learning. In their mathematics methods course, the 
preservice elementary teachers participated in a researcher-developed multi-session module that 
progressively nests the three interrelated components of professional noticing—attending, interpreting, 
and deciding. A pre- and post-assessment was administered to measure their change in the three 
components of professional noticing. The preservice elementary teachers demonstrated significant growth 
in all three components. 

.eyZords� (lementary School (dXcation� /earning 7raMectories� 1Xmber Concepts and 2perations� 
7eacher (dXcation±Preservice 

Introduction and Literature 

7his stXdy e[amines the e[tent to Zhich an innovative learning e[perience focXsed on the professional 
noticing of children¶s early nXmeracy develops Preservice (lementary 7eachers¶ �PS(7s� capacity to 
attend to, interpret, and maNe effective instrXctional decisions related to the mathematical thinNing of 
children. 7he stXdy relies Xpon a modXle, Noticing Numeracy Now (N3), developed by the researchers and 
based on literatXre in the areas of professional noticing �-acobs, /amb, 	 Philipp, 2010� and the Stages of 
(arly Arithmetic /earning �S(A/� �Steffe, von Glasersfeld, 5ichards, 	 Cobb, 1983� Steffe, Cobb, 	 von 
Glasersfeld, 1988� Steffe, 1992�. Specifically, Ze intend to investigate the folloZing research TXestion�  7o 
Zhat e[tent can teacher edXcators facilitate the development of PS(7s¶ capacity to professionally notice 
children¶s mathematical thinNing"  

Professional Noticing  

Professional noticing is an ability to recogni]e and act on Ney indicators significant to one¶s 
profession. 7he literatXre e[ploring the impact of professional noticing in mathematics teaching greZ 
significantly in recent years. Sherin and van (s �2009� e[amined teacher video clXbs as a tool for 
analy]ing the clXb participants¶ classrooms and foXnd that Xsing focXsed noticing as a lens for learning 
aboXt teaching Zas prodXctive beyond the video clXb, impacting the teachers¶ instrXctional practices. Star 
and StricNland �2008� demonstrated improvements in preservice teachers¶ ability to attend to the salient 
featXres of a secondary mathematics classroom. 1XmeroXs professional development modXles 
incorporated the Xse of video to focXs observers¶ attention on children¶s mathematical thinNing �Carpenter, 
Fennema, FranNe, /evi, 	 (mpson, 1999� Schifter, %astable, 	 5Xssell, 2000� Seago, MXmme, 	 %ranca, 
2004�. Sherin, -acobs, and Philipp¶s recently edited volXme �2011� contribXted to the compoXnding 
evidence of both the need and the valXe of professional noticing to effective mathematics teaching.  

5ecent evidence shoZs that teachers¶ attention to children¶s mathematical thinNing can positively 
affect stXdent learning �Carpenter et al, 1999� .ersting et al, 2010�� hoZever, sXch attention is MXst one 
component sNill of professional noticing of children¶s mathematical thinNing as defined by -acobs, /amb, 
and Philipp �2010�. 7hey conceptXali]ed professional noticing as ³a set of three interrelated sNills� 
attending to children¶s strategies, interpreting children¶s Xnderstandings, and deciding hoZ to respond on 
the basis of children¶s Xnderstandings´ �p. 172�. 7heir research e[amined the professional noticing of 
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preservice teachers as Zell as three groXps of in�service teachers all having 12±14 years of teaching 
e[perience bXt varying degrees of professional development. 7he resXlts indicate that teaching e[perience 
alone does not develop all three components of professional noticing. 7eachers Zith 12±14 years 
e[perience, bXt no sXstained professional development, aligned more closely Zith preservice teachers on 
this constrXct, especially on the deciding component. Star and StricNland �2008� fXrther contend that 
developing the sNill of professional noticing mXst be an early focXs of teacher preparation programs given 
the importance of sNillfXl, nXanced observation in learning to teach.  

Practice-based Teacher Preparation 

Preparing for the profession of teaching reTXires opportXnities to practice one¶s teaching. CXrrent 
trends in teacher preparation focXs on practice�based teacher preparation bXt Zith varying degrees of 
gXidance on the particXlars of Zhat shoXld be practiced and Zhere practice shoXld taNe place. Grossman, 
Compton, ,gra, 5onfeldt, Shahan, and Williamson �2009� foXnd that teacher preparation practices focXsed 
heavily on the preactive aspects of teaching, sXch as lesson and Xnit planning, and less on interactive or 
reflective aspects. 7he interactive and reflective aspects inclXde the nearly invisible decisions based on 
professional noticing that mXst be made µin the moment¶ of teaching. We e[pect novice teachers to 
observe the professional noticing in real�time classrooms, bXt ZithoXt e[plicit gXidance, novice teachers 
may not observe it. 9ideos of teaching�learning e[changes are representations of practice, one of three 
pedagogies of practice proposed by Grossman and her colleagXes. SXch representations can potentially 
provide poZerfXl settings for learning the practice of teaching and in doing so can provide a scaffold for 
sXbseTXent practice in actXal classroom�based conte[ts.  

Stages of Early Arithmetic Learning 

7here is consensXs that the term ³nXmeracy´ is groXnded in an Xnderstanding of fXndamental and 
foXndational aspects of nXmber and operations �MXlligan, %obis, 	 Francis, 1999� 1ational CoXncil of 
7eachers of Mathematics, 2006� and is a significant content strand for PS(7 e[ploration. Steffe and his 
colleagXes have provided a XsefXl model for strXctXring the mathematics of the N3 modXle. %orn of 
longitXdinal teaching e[periments, the Stages of (arly Arithmetic /earning �S(A/� hypothesi]e a 
progression for the development of TXantitative Xnderstanding �Steffe, von Glasersfeld, 5ichards, 	 Cobb, 
1983� Steffe, Cobb, 	 von Glasersfeld, 1988� Steffe, 1992� Wright, Martland, 	 Stafford, 2006�. 7his 
progression inclXdes the folloZing levels�  (mergent, PerceptXal, FigXrative, ,nitial 1Xmber SeTXence, 
,ntermediate 1Xmber SeTXence, and Facile. Given the sXpporting methodology, S(A/ is e[emplary of 
³learning traMectories bXilt Xpon natXral developmental progressions identified in empirically based models 
of children¶s thinNing and learning´ �Clements, 2007, p. 45�. 

Methodology 

Participants  

7he participants in this stXdy Zere preservice elementary teachers �PS(7s� enrolled in one of three 
participating Xniversities� tZo are regional Xniversities and one is a ³5esearch 9ery +igh´ Xniversity 
�Carnegie FoXndation for the Advancement of 7eaching�. All Xniversities are pXblic institXtions and the 
participants �n   94� represent a cross�section of the general popXlation of a state in the east�central United 
States. Participants Zere enrolled in elementary mathematics methods coXrses at their respective 
Xniversities and the modXle Zas a component of this coXrse. 

Module Description 

7he modXle consists of mXltiple in�class sessions dXring Zhich the three components of professional 
noticing are developed in the conte[t of the Stages of (arly Arithmetic /earning. 7he three components of 
professional noticing, attending, interpreting, and deciding, are nested throXgh the modXle �%oerst, Sleep, 
%all, 	 %ass, 2011�. 7he first tZo sessions focXs on the development of attending only. SXbseTXent 
sessions fXrther develop attending Zhile progressively layering in interpreting and deciding. ,ntegrated 
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Zith the nested development of professional noticing, the Stages of (arly Arithmetic /earning gradXally 
Xnfold throXgh video clip representations of practice. 7he researchers of the N3 proMect intentionally chose 
video aroXnd early nXmber sense for tZo reasons� �1� video is a representation of practice that provides 
opportXnities to e[plicitly attend to and discXss salient featXres of children¶s mathematical thinNing that 
can go Xnnoticed by novices in a real�time classroom setting, and �2� early nXmber sense is an area of 
mathematics Zith Zhich PS(7s are generally comfortable so the mathematics itself ZoXld not be a barrier 
to the e[amination of children¶s mathematical thinNing.  

7he video clips are diagnostic intervieZs Zith children condXcted by teacher edXcators or a former 
PS(7. A significant nXmber of video clips are from one aXthor¶s dissertation research of TXantitative 
mental imagery �7homas, 2010�. PS(7s are asNed to respond to the videos in varioXs Zays, inclXding 
Zriting aboXt Zhat they attend to in the video and engaging in discXssion Zith a partner, Zith a small 
groXp, and in Zhole class discXssions led by the instrXctor. At the beginning of the modXle, the discXssion 
prompts are more general, sXch as asNing them to observe the physical actions and verbal e[changes taNing 
place. As the modXle continXes, the PS(7s learn to focXs on the salient featXres of stXdents¶ mathematical 
actions and Zords. ,n addition to these salient featXres, PS(7s¶ attention is draZn to teacher moves and the 
mathematics of the tasNs. As the sessions progress, PS(7s learn to interpret the salient featXres in terms of 
S(A/ and finally they learn to maNe decisions aboXt ne[t steps, either diagnostic or instrXctional. %etZeen 
the sessions, the PS(7s have homeZorN inclXding articles to read and videos to Zatch. 7he cXlminating 
e[perience is an assignment that reTXires the PS(7s to condXct at least one diagnostic intervieZ Zith a 
child. 7he intervieZ assignment varies across the Xniversities. Some are assigned immediately folloZing 
the modXle, and others are assigned mXch later in the semester, dependent Xpon each Xniversity¶s field 
placement schedXles. 

Professional Noticing Measures 

A pre� and post�assessment designed to measXre a PS(7¶s ability to apply professional noticing to a 
video clip representation of practice Zas developed. 7he pre�assessment Zas administered Zithin a ZeeN 
of the start of the semester at all participating institXtions. 7he professional noticing measXre consists of a 
brief video clip �25 seconds� in Zhich the intervieZer poses a partially screened tasN that goes beyond 
finger range. 7he tasN is a comparison tasN, Zhere the difference betZeen tZo sets is XnNnoZn �Carpenter 
et al, 1999�. After vieZing the video tZice, PS(7s Zere asNed to respond to three prompts, each related to 
one of the three aspects of professional noticing²attending, interpreting, and deciding. 7he three prompts, 
draZn from the ZorN of -acobs, /amb, and Philipp �2010� are� �1� Please describe in detail Zhat you think 
this child did in response to this problem, �2� Please e[plain Zhat yoX learned aboXt this child¶s 
Xnderstanding of mathematics, and �3� Pretend that yoX are the teacher of this child. What problems or 
TXestions might yoX pose ne[t" Provide a rationale for yoXr ansZer. ,n sXbseTXent semesters, the italici]ed 
Zords Zere removed from the prompt to emphasi]e addressing the factXal evidence of the video clip, not 
assXmptions. 7he post�assessment tasN and protocol for delivery Zas identical to the pre�assessment. 
Administration of the post�assessment occXrred Zithin the last tZo ZeeNs of the semester. 

Construction of Noticing Benchmarks 

7he research team revieZed the professional noticing video segment and identified Ney response 
featXres for the attending prompt. We e[amined PS(7 attending responses from a single institXtion to 
identify emerging themes �Glaser 	 StraXss, 1967�. 7hemes that emerged from this analysis inclXded� 

• Identifying key, salient activity (i.e., “ . . . the child counted the bears, and then counted up to the 
amount of shells on his fingers”) 

• Identifying additional activity (i.e., “ . . . he then looked to see how many fingers he had up”) 
• Operational presumptions (i.e., “. . . he subtracted 11-7”) 
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• Purporting evidence that did not occur in the segment (i.e., “ . . . the child counted back from 11 to 
7”) 

• Cognitive interpretations (i.e., “. . . the child lacks a sense of cardinality”) 

We created the themes based on the emerging patterns in order to co�constrXct a set of initial common 
benchmarNs. 7he identification of emergent themes played a significant role dXring this initial drafting 
process as the characteristics of PS(7 attending responses coXpled Zith researcher�identified Ney featXres 
sXggested foXr distinct response types �elaborate, salient, limited, sXbordinate�, ranging from a score of 4 
to a score of 1. We scored oXr calibration data Xsing these initial benchmarNs. We replicated this process 
for the constrXction of the interpreting benchmarNs and the deciding benchmarNs. ,t is important to note 
that the coXpling of emergent themes Zith researcher�identified Ney featXres resXlted in three response 
categories, for the interpreting and deciding benchmarNs, one feZer than the foXr natXral levels that 
resXlted for the attending benchmarNs. 

Scoring and Statistical Tests   

2nce the scoring benchmarNs for each of the professional noticing TXestions Zere established, the 
research team scored all data. (ach researcher scored one set �groXped by Xniversity� of data and a second 
researcher scored it again. Scores Zere compared and any discrepancies Zere discXssed betZeen the tZo 
researchers for a consensXs. A third researcher Zas Xsed in any case Zhere a consensXs Zas not reached.  

An e[ample of a time Zhen a third researcher Zas needed consisted of a response in the attending 
TXestion of the sXrvey that stated the folloZing� ³,
ve learned that children, especially at yoXnger ages, Xse 
their fingers a lot to help them coXnt. ,t taNes children a Zhile to thinN mathematically in their head and not 
rely on obMects to coXnt.´ 7he first researcher felt this response deemed level 2 becaXse the PS(7 
recogni]ed the progression of children¶s thinNing from more concrete to more mental, hoZever the second 
researcher felt it Zas too generic for this TXestion and it shoXld score a level 0 score. 7he second 
researcher felt if the response Zas specifically directed toZard the stXdent in the video, instead of children 
in general, then they ZoXld have agreed Zith the first researcher¶s score. When the third researcher scored 
this TXestion, they also felt it Zas too generic and a score of 0 Zas given for this response.  

2nly participants Zith si[ scores consisting of the pre�assessment and post�assessment scores for each 
of the three components of professional noticing at the conclXsion of the scoring process remained in the 
data set. Any participant Zho did not have si[ Zas removed, resXlting in n   94. T�test analyses Zere 
condXcted to determine if significant changes occXrred betZeen the pre�assessment and post�assessment 
scores. 7his information Zas determined for the entire groXp as Zell as betZeen the individXal Xniversities. 

Results and Discussion 

A one�Zay A129A Zas condXcted to determine if there Zere overall statistically significant 
differences betZeen the pre� and post� total scores for the professional noticing measXre. Additionally, pre� 
and post�scores on each of the three individXal professional noticing TXestions Zere tested for significance 
Xsing a one�Zay A129A. 7he descriptive statistics, stratified by Xniversity as Zell as totals, are reported 
in 7able 1 beloZ. Also, 7able 2 beloZ shoZs the average gain in score from pre� to post�assessment, 
stratified by Xniversity as Zell as total participants. 
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Table 1: Descriptive Statistics of Professional Noticing Measures by University 

   Attending Interpreting Deciding 
   N M SD M SD M SD 
University A Pre-Test 37 2.14 .79 1.59 .797 1.54 .61 
  Post-Test 37 2.43 .87 2.05 .84 2.22 .79 
University B Pre-Test 23 2.39 .99 1.82 .89 2.04 .56 
  Post-Test 23 3.09 1.04 2.43 .73 2.70 .56 
University C Pre-Test 34 2.38 1.10 1.76 .78 1.97 .67 
  Post-Test 34 3.00 1.10 2.15 .89 2.47 .75 
All Participants Pre-Test 94 2.29 .96 1.71 .81 1.82 .66 
  Post-Test 94 2.80 1.03 2.18 .84 2.43 .74 

  

Table 2: Average Gains of Professional Noticing Measures by University 

 Average Change 
  Attending Interpreting Deciding Total 
University A .29 .46 .68 1.43 
University B .70 .61 .66 1.97 
University C .62 .39 .50 1.51 
All Participants .51 .47 .61 1.59 

 
7he means shoZ groZth on all three professional noticing measXres betZeen the pre�assessment and 

post�assessment measXres at all Xniversities. 7he increase Zas foXnd to be significant �F   63.169,  
p � .001� folloZing tests to determine Zhether there is a statistically significant difference betZeen the 
total pre� and post� scores of professional noticing. ,nteraction betZeen the total scores and each Xniversity 
Zas not foXnd to be significant �F   .493, p   .612�. 7his is a positive resXlt in that each Xniversity in the 
stXdy is shoZing gains consistent Zith other Xniversities. 

A one�Zay A129A Zas condXcted for each of the three TXestions to determine Zhether statistically 
significant gains Zere foXnd for each component of professional noticing �attending, interpreting, 
deciding�. 7he resXlts of the A129A are foXnd in 7able 3 beloZ. 7he smaller F�valXe foXnd for the 
attending component can be attribXted to the larger scale for that TXestion �4�point scale� Zhen compared 
to the interpreting and deciding TXestions �3�point scale�.  

Table 3:  Results of ANOVA Comparing Pre- and Post-Assessments of All Universities 

 Scale N F p 
Attending 1-4 94 61.43 < .001 
Interpreting 1-3 94 1075.92 < .001 
Deciding 1-3 94 1014.84 < .001 

 
7he interpreting component demonstrated the smallest change in groZth overall ��   .47�, Zhile the 

deciding component foXnd the largest change in groZth ��   .61�. AlthoXgh significance Zas foXnd 
betZeen the pre� and post�scores for interpreting, this Zas the most difficXlt benchmarN to constrXct dXe to 
the diversity of the responses, so the researchers are optimistic that a sXitable benchmarN has been created 
to adeTXately measXre the PS(7s interpreting sNills. PS(7s reported that the five�session modXle Zas 
repetitive in instrXction for attending and interpreting and did not inclXde enoXgh instrXction on the 
deciding component. 7hey believed they needed fXrther instrXctions on hoZ to determine the ne[t steps in 
mathematical TXestioning and instrXctional tasNs to advance stXdents into a higher S(A/ stage. 7he five�
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session modXle Zas redXced to a foXr�session modXle �to redXce length and repetitiveness� and a stronger 
emphasis on instrXctional deciding Zas inclXded. FXtXre analyses Zith the neZ modXle and fXrther 
refinement of the scoring benchmarNs coXld provide more accXrate assessments for groZth in the three 
areas of professional noticing.  

A statistically significant difference Zas not foXnd for the attending component �F   .519, p   .597� 
and the deciding component (F   2.187, p   .118� Zhen comparing the three components of professional 
noticing Zithin the three Xniversities in the stXdy. +oZever, a statistically significant difference Zas foXnd 
�p � .05� betZeen the Xniversities for the interpreting component �F   3.962, p   .022�. 7his lacN of a 
statistically significant difference betZeen the Xniversities in attending and deciding is a positive resXlt 
becaXse it informs the researchers that the PS(7s in the stXdy are eTXally distribXted in those components. 
,n order to e[amine the statistically significant difference in the interpreting component, a 7XNey¶s post�
hoc analysis Zas condXcted. 7his test sXggested that University A¶s scores Zere the caXse of the 
significance Zhen compared Zithin the overall data. 7his seems realistic considering University A¶s scores 
in the interpreting component Zere loZer than University % and C. +oZever, an independent means t�test 
Zas condXcted for each of the professional noticing components in efforts to fXrther investigate the scores 
from the individXal Xniversities. 

7he data Zas stratified by Xniversity and University A had statistically significant differences at p � 
.05 betZeen pre� and post�assessments for interpreting �t   �2.217, p   .033� and at p � .01 for deciding �t   
±4.104, p   .000�. Attending Zas not statistically significant �t   ±1.571, p   .125�. University % had 
statistically significant differences at p � .05 for attending �t   ±2.729, p   .012� and interpreting  
�t   ±2.440, p   .023�, and at p � .01 for deciding �t   ±4.035, p   .001�. University 2 had similar resXlts 
Zith statistical significance at p � .05 for attending �t   ±2.670, p   .012� and interpreting �t   �2.196,  
p   .035�, and significance at p � .01 for deciding �t   ±3.253, p   .003�. Despite the fact that University A 
Zas statistically significantly loZer overall than Universities % and C in interpreting based on the A129A 
test, the t�tests still reveal significance betZeen pre� and post�assessments in interpreting for University A. 
7he lacN of significance in the attending component for University A is not sXrprising either, considering 
the PS(7s from University A demonstrated the smallest amoXnt of groZth Zhen compared to Universities 
% and C. 

,t shoXld be noted that in cases Zhere stXdents scored high on the pre�assessment, they ZoXld not be 
e[pected to shoZ groZth. For e[ample, in the attending component, 37� of stXdents �12 of 37� from 
University A scored at least a 3 on the pre�assessment indicating they attended to the most salient featXres 
of the video assessment. University % and C had similar resXlts Zith 39� �9 of 23� and 38� �13 of 34�, 
respectively on the pre�assessment. ,n the interpreting component, 19� �7 of 37� from University A, 30� 
�7 of 23� from University %, and 21� �7 of 34� from University C all scored the highest possible score on 
the pre�assessment. 7he resXlts in the deciding component Zere similar Zith 5� �2 of 37� from University 
A, 17� �4 of 23� from University %, and 21� �7 of 34� from University C all scoring perfect scores in the 
pre�assessment for instrXctional deciding, thXs not alloZing those stXdents to shoZ groZth in that 
component. 7he researchers see the limited Xpper range as an opportXnity to fXrther refine the scoring 
benchmarNs to inclXde additional range, alloZing for the sector of PS(7s Zho scored perfect pre�
assessment scores to shoZ groZth. 

Final Remarks 

In summary, preliminary findings at three sites suggest the efficacy of a researcher-developed module 
aimed at promoting professional noticing capacities among PSETs in the area of early number and 
operation. The development of such capacities among aspiring teachers at multiple sites bodes well for 
scaled establishment of responsive teaching practices within teacher preparation programs. Towards this 
end, subsequent module implementation and measurement will occur in teacher preparation programs at 
two additional institutions (for a total of five implementation sites); moreover, two different institutions 
have been identified to serve as non-implementing comparison sites.  
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